Introduction: The extensive use of antibiotics has led to the emergence of multi-resistant strains in some species of the genus Acinetobacter.
Introduction
Acinetobacter spp. is reported to be involved in hospitalacquired infections with increasing frequency 1 . The extensive use of antimicrobial chemotherapy in clinical environments has contributed to the emergence and dissemination of nosocomial Acinetobacter spp infections 2 . The species belonging to the A. calcoaceticus-A. baumannii complex (ACB complex) is mostly antibiotic-resistant Acinetobacter strains 3 . This complex has been implicated as the cause of a broad spectrum of infectious diseases such as pneumonia, meningitis, bacteremia, urinary tract infections, and device-related infections, especially in intensive care units (ICUs), and high mortality rates were associated 4 . Due to the organism's multidrug-resistant (MDR) phenotype, these infections are difficult to treat, which includes resistance to betalactams, aminoglycosides, fluoroquinolones, and carbapenems 5, 6 . A significant nosocomial outbreak of MDR ACB complex in Colombia has occurred in the last years 7 .
Resistance to beta-lactam agents, including carbapenems in the ACB complex is due mainly to the production of the extendedspectrum beta-lactamases (ESBLs), but can also result from several other mechanisms including alterations in outer membrane proteins and penicillin binding proteins and increased activity of efflux pumps 8 . ESBLs with carbapenemases, such as metallo-betalactamases (MBL) or oxacillinases, represent the most concern due to the chance of rapid dissemination 9 . Whereas MBL found are of IMP and VIM types in A. baumannii 5 , the oxacillinases present four main OXA subgroups are the chromosomally located intrinsic OXA-51-like; the acquired OXA-23-like; OXA-40-like; and OXA-58-like [9] [10] [11] [12] .
Most genes encoding these ESBLs are found on plasmids, or in the form of a gene cassette in an integron. Integrons are genetic elements that possess a particular recombination site, known as attI1, into which resistance genes can be inserted by site-specific recombination in the form of gene cassettes 13 . Different integron classes have been described, and the classes 1, 2 and 3 have been associated with antibiotic resistance 13, 14 . Dissemination of these antibiotic resistance integrons, which are unable to promote their mobilization, is mainly linked to transposons and plasmids. Different reports exist which have identified integrons as responsible for the presence and acquisition of antibiotic resistance A. baumannii have been published 13, 14 . There is limited data on the global epidemiology of A. baumannii in our region. However, the distribution of class 2 integron is highly frequent in A. baumannii clinical isolates from Argentina, Chile, and Brazil 14, 15 .
The objectives of the present study were to analyze the phenotypic and molecular characteristics of ACB complex and antibiotic resistance in clinical isolates in a Colombian tertiary-care hospital. As well as determine the antimicrobials resistance profiles of the isolated strains. We also tested for the presence of MBL or ESBL producing Acinetobacter spp.
To test the hypothesis that most genes encoding MBL or ESBL are found on gene cassettes of integrons, we have examined representative isolates for the presence of class 1 and class 2 integrons and the associated antimicrobial resistance genes by PCR. Knowledge on the epidemiology and molecular mechanisms of antimicrobial resistance in this important pathogen are essential to implement intervention strategies.
Material and Methods
A descriptive study was carried out and was endorsed by the ethics committee of the hospital.
Bacterial strains clinical samples
The study included 52 Acinetobacter ssp strains collected from clinical specimens, previously identified by the Vitek GNI card (bioMeriex Vitek Inc., Hazelwood, MO) that they grew on standard MacConkey agar at 37° C for 48 h, between March 2009 and July 2010 of a medical intensive care unit at Rafael Uribe Uribe University Hospital from Cali -Colombia. The clinical samples were obtained from: the nasal swabs, 24 (46.2%); wounds, 12 (26.1%); catheter tip, 6 (11.6%); the urinary tract, 6 (11.6%); and 4 (7.7%) blood. All of the samples were stored at −80° C in nutrient broth with 15% glycerol. From the 52 Acinetobacter spp clinical isolates strains, 24 (46.2%) were obtained.
Antimicrobial susceptibility testing
The susceptibility to various classes of antibiotics was determined by disc diffusion method on a Mueller-Hinton (MH) agar (Difco Laboratories, Detroit, MI, USA), by the Clinical and Laboratory Standard Institute (CLSI) guidelines 16 . Both strains Acinetobacter baumannii (ATCC® 19606™), and Escherichia coli (ATCC® 25922™) were used as quality control strains. The antibiotic discs (Oxoid ®) tested were the follows: trimetroprim/sulfametoxazol (SXT, 23. The genomic species of Acinetobacter spp were determined by ARDRA, according to Vaneechoutte et al 18 . In brief, the DNA from an overnight culture in LB broth at 37° C was extracted using the "Easy-DNA TM " kit (Invitrogen, life technologies ®) according to the manufacturer's instructions. After to electrophoresis, the gel was stained with ethidium bromide (1.5 μg/mL) and analyzed on a FOTO/Analyst® Investigator/FX Systems (FOTODYNE Incorporated). For each sample, the PCR reaction was performed for 16S rDNA amplification using the following primer pair: Acf5´-TGG CTC AGA TTG AAC GCT GGC GGC-3´ and Acr5´-TAC CTT GTT ACG ACT TCA CCC CA-3´. The PCR products were digested with the following enzymes: CfoI; Alu; Mbo; and MspI (Fermentas™) and separated by polyacrylamide gel electrophoresis (PAGE 8.0%).
The last restriction profiles were compared to strain library database (http://users.ugent.be/~mvaneech/ARDRA/Acinetobacter.html) to identify the species according to Dijkshoorn et al 19 . The A. baumannii (ATCC® 19606™) strain was used as controls.
Identification of clinical isolates of Acinetobacter spp by 16S rDNA PCR-sequencing The 27 PCR products to 16S rDNA gene were purified using the High Pure PCR product Purification Kit Version 20 kit, according to company instruction (Roche Applied Science®) and then, each purified PCR products were direct sequencing by Sanger dideoxy method using an ABI 3730XL sequencer. The 16S rDNA sequences were aligned with 27 Acinetobacter reference sequences harbored in the GenBank-NCBI dataset.
The phylogenetic tree was done using the MEGA software v.5 under Maximum Likelihood model with the Kimura-2-parameters, and Gamma distribution assuming invariable sites (K2+G+I). The robustness of phylogenetic tree was calculated by a bootstrap no parametric with 1,000 replicates 20, 21 . A Staphylococcus aureus sequence was used as outgroup.
Detection of ESBL genes by PCR ESBL genes, such as blaTEM; blaSHV; blaOXA; blaCTX-M; blaIMP; and blaVIM, were detected by PCR using the primers are listed in Table 1 22 - 
Detection of integrase genes by PCR
The integrase class 1 (intI) and 2 (intII) genes were amplified as previously described 15, 30 . Amplification for each one was done in 50 µL volumes using 5-10 ng (genomic DNA) reaction buffer, 2 U of Taq polymerase (Bioline, London, United Kingdom), 200 µM each deoxynucleoside triphosphate, 2.0 mM MgCl 2 , 10 pmol of each primer. PCR conditions were as follows: a hot start at 94° C for 5 min; 94° C for 30 s by 35 cycles, 30 s at both 55° C; and a final step of 10 min at 72° C.
The reaction mixture to the degenerate primers hep35 and hep36 were equivalents to the previous except for the concentration of each primer (2.0 µM), and for the PCR extension steps (72 o C and 2 min).
Statistical analysis
The data were analyzed using Stata version 11.0 (Stata Corp, College Station, Tex). Categorical variables were analyzed using χ 2 test. All tests were two-tailed with p <0.05 considered significant.
Results

Antibiotic susceptibility
Antibiotyping tested by disk diffusion method showed multi-resistance to a large range of antibiotics. For the NCBI-BLAST analysis, 27 strains were queried using sequences of a 1,500 bp fragment of the 16S rDNA. This identification of all clinical isolates to the species level showed that all amplicons had sequence concordance of 61 to 99% 32 .
In Figure 1 , shown the Acinetobacter genospecies phylogenetic tree by 16s rDNA sequencing analysis. From all isolates, 74.1% (20/27) were clustering with A. baumannii while A. nosocomialis constituted 11.1% (3/27) of the total. However, we find ambiguity between the two methods when defining the genospecies A. calcoaceticus, Acinetobacter 3U, Acinetobacter 13U as shown in Table 4 . (13) (14) (15) 25, 30) .
Class 1 integrons were found in 23.1% (12/52) of the isolates of ACB complex. The length the amplicons of variable regions ranged between 0.75 to 2.5 kb; 0.75 kb (13.0%), 2.5 kb (5.0%) and (0.75 +2.5 kb) (7.0%). Further, PCR could be helpful to determine their gene cassette assortments. The most number of isolates with integrons belonging to antibiotype I and were found in nasal swabs and wounds. The intI2gene of class 2 integrons were detected in 17.3% (9/52) of the isolates. The presence of class 2 integrons, in six isolates, which also contained a class 1 integron was statistically significant (p <0.05).
Class 1 and 2 integrons were detected in two isolates belonging to antibiotype I and IV with blaTEM-1 and blaOXA genes. Additionally, isolates belonging to antibiotype II and III also contained integrons. In contrast, no integrin-positive isolates were found in antibiotype V.
The integrons were found in 30.0% (7/23) isolates of A. baumannii. Class 1 integrons were detected in 26% (6/23) of the A. baumannii isolates, whereas only one A. baumannii strain contained a class 2 integron (Table 3) . Integrons were detected in four (13.6%) A. baumannii isolates obtained from nasal swabs, two from (9.1%) from wounds, and one (4.5%) from urinary tracts, although the association was not statistically significant (p<0.05). Also, the integron-positive A. baumannii isolates contained blaTEM1and blaVIM-2 genes. Table 4 . A. baumannii-calcoaceticus complex profiles obtained by amplified rRNA gene restriction analysis (ARDRA) Figure 1 . Acinetobacter genospecies phylogenetic tree by 16s rDNA sequencing analysis. In total, 27 clinical isolates were compared with Acinetobacter 16s rDNA16 sequences reported in the GenBank-NCBI. The phylogenetic tree was done using the MEGA software v.5 under Maximum Likelihood model with the Kimura-2-parameters, and Gamma distribution assuming invariable sites (K2+G+I). The robustness of phylogenetic tree was calculated by a bootstrap no parametric with 1000 replicates. The resistance profile were: Calcoaceticus=A. calcoaceticus (2 2 1 3) ; AB= A. baumannii (1 1 1 1  / 1 1 1 3) ; 3U= Acinetobacter 3U (2 1 3 3) ; A. haemolyticus (1 4 1 2) ; 13TU= Acinetobacter 13TU (2 1 1 1 / 2 1 1 3) ; UD= undefined
No
Discussion
Nosocomial infections due to A. baumannii have been reported throughout the world 5, 33 . However, there is little information about the epidemiological behavior of the isolates circulating within the city of Cali. In this regard, the availability of 52 nosocomial isolates has offered the opportunity to assess the susceptibility profiles, the determinants of resistance to antibiotics and their mechanisms of resistance. The majority of the isolates of the ACB complex were more frequent in nasal tracking (46.2%), and of these, 63.6% corresponds to A. baumannii in patients admitted to the ICU. This finding is significant because the nasal colonization in patients older than 65 years with pre-existing lung disease or any debilitating diseases especially in the ICU has a higher risk to develop a Health care-associated infections (HAIs) 34, 35 .
On the other hand, it concerns that all the 52 isolates were multidrug resistant to antibiotics, and tigecycline only sulperazona maintained the antimicrobial activity against the majority of the isolates evaluated (80%). Also, we identified PDR isolates (19.3%), with a statistically significant value (p <0.05), a result similar to the one reported by some authors in Brazil in the same years of this study, where we found isolates with this feature in 11% 31 .
In Colombia, the resistance reported in A. baumannii has increased in recent years. Specifically, in Bogotá between the years 2001 and 2008, there were isolated strains sensitive to carbapenems, quinolones, and next-generation cephalosporins and aminoglycosides in 30% of the cases 36 . Also, Pinzon et al. 37 for that same year, reported strains sensitive to carbapenems (35.8%); however, in 2012, the number of isolates with resistance to carbapenems had increased, still more than 90% The reports of the SENTRY in countries of Latin America, Europe, and the United States indicate that Acinetobacter spp. present high rates of resistance even to carbapenem. A multicenter study conducted by Higgins et al .33 in the year 2010 showed that 100% of the isolates of A. baumannii were resistant to imipenem, by the data obtained in this study for the same period. All of the isolated ACB complexes were multidrug resistant, including the isolates of A. baumannii, with percentages of carbapenem resistance more than 96%, which shows an increase in the resistance to antibiotics in the past few years. These findings are disturbing because the new antibacterial agents developed, such as doripenem, ceftobiprole, and ceftaroline, do not show activity against A. baumannii resistant to cephalosporins and carbapenems 40 . Boo et al. 41 , raise the possibility that a co-selection of isolates resistant to carbapenems occurs by the acquisition of carbapenemase OXA class D type. Our study showed that all isolates of A. baumannii presented the ability to hydrolyse broad-spectrum cephalosporins (ceftazidime and cefepime) and carbapenems (imipenem and meropenem). We detected the presence of beta-lactamase type OXA-51 and OXA-58, which would explain the resistance so marked to carbapenem, similarly reported by Gales et al 42 .
This study demonstrated the poor capacity of Acinetobacter species identification by the Vitek-2 GNI system. It highlights the need to regard such results as preliminary data. Accurate identification using molecular methods is not only important in the investigation of outbreaks caused by Acinetobacter species, but also is relevant in epidemiological studies such as this report. Our results are like the reports published in other geographic regions 43 and coincide with the reports of Karageorgopoulos et al. 44 , who found sensitivity to tigecycline lower than 90% of the isolates of Acinetobacter spp. They make it a potentially useful treatment option against highly resistant bacteria; however, few of these bacteria also present resistance to tigecycline.
Within multiresistant isolates of the ACB complex and those of A. baumannii, bla (TEM-1, CTX-9, OXA-58, IMP-1 and VIM-2) was detected. Although the presence of the beta-lactamase TEM-1 is reported as one of the leading causes of resistance to beta-lactamic antibiotics in the A. baumannii isolates, in this study, only 22.7 % of the isolates were carriers of the gene blaTEM-1. In recent years the trend has changed; the increase in the resistance to carbapenems is mainly due to the presence of metallo beta-lactamases and class D type carbapenemase OXA, whose overexpression is regulated by the presence of upstream insertion elements, such as ISAba1 11 .
In this study, 38.5% of the isolates of ACB complex and 50% of A. baumannii presented beta-lactamases type OXA-58. Despite that, some reports have suggested that genes of OXA type beta-lactamases are transported in integrons 37, 38 , our results showed that 82% of the isolates of the ACB complex and A. baumannii that contained these genes type did not show related to integrons. These results are consistent with those reported by Poirel et al. 45 , who said that these genes are not usually found in the form of gene cassettes and, according to the same author, these genes are carried on plasmids or are associated with a process of homologous recombination.
The presence of integrons (class 1 and 2) in 40% of the isolates was statistically significant; both classes of integrons have been described between the members of the genus Acinetobacter isolated in both clinical and environmental settings 14 . It is reported that the epidemic strains of A. baumannii tend to contain a greater number of integrons that are non-epidemic, and affirms that the use of antibiotics has a high impact on the development of the diversity and maintenance of these strains in the ICU 46 .
The class 1 integron presents multiple cassettes, which confers resistance towards several antibiotics, as a distinctive phenotypic stamp on the isolates of A. baumanni [13] [14] [15] 30 , which would explain the multidrug resistance detected in isolates of the ACB complex and A. baumannii. The integration of these elements in the bacterial chromosome can affect the expression of genes such as blaOXA-51, which encodes an Amp c, b, and the chromosomal carbapenemase. In this study, all 22 isolates of A. baumannii showed resistance to cephalosporins and carbapenems; however, only 25% of them detected integrons within the genome. Of the ACB complex, 32 isolates were not integrons, by which the multidrug resistance to antibiotics in these isolates must be related to other mechanisms of resistance which may be plasmidmediated or through the reduction of the cell membrane or wall permeability 47 . The largest numbers of integrons were detected in isolates obtained from sample tracking and nasal surgical wounds.
These results do not agree with those obtained by Koleman et al. 29 , whereas that the largest number of integrons was detected in isolates from blood and secretion; this discrepancy is probably due to the greater number of isolates of this study that were obtained from nasal colonization and absence of infections.
